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(57) ABSTRACT

Method, apparatus, and computer program product embodi-
ments are disclosed to for resource coexistence management
in RF white spaces. An example embodiment includes a
method including receiving by a control node of a wireless
network, an allocation of resources and an indication of
allowance to release resources temporarily from a network
controller serving the control node; and transmitting by the
control node to the network controller, a message indicating
temporary release of a portion of the allocated resources.
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METHOD, APPARATUS, AND COMPUTER
PROGRAM PRODUCT FOR TEMPORARY
RELEASE OF RESOURCES IN RADIO
NETWORKS

FIELD

The field of the invention relates to efficient radio spec-
trum use, and more particularly to resource coexistence
management in RF white spaces.

BACKGROUND

Use of radio frequency bands of the electromagnetic
spectrum is regulated by governments in most countries, by
allocating specific frequency bands to particular types of
uses, such as licensed bands for commercial radio and
television broadcasting, cellular telephony, mobile networks
such as CDMA2000, WCDMA, HSPA, LTE, and IMT,
maritime radio, police, fire, and public safety radio, GPS,
radio astronomy, earth stations for satellite communications,
and many other uses. Governments also allocate unlicensed
bands, for example, for Wireless Regional Area Network
(WRAN) broadband access for rural areas and wireless local
area networks (WLAN) and wireless personal area networks
(WPAN), such as the industrial, scientific, and medical
(ISM) band.

In the United States, the Federal Communications Com-
mission (FCC) regulates use of the radio spectrum, includ-
ing radio and television broadcasting. Frequencies are allo-
cated according to a bandplan in which guard bands are
assigned between the allocated radio bands to avoid inter-
ference between adjacent signals. There are also unassigned
frequency bands in the spectrum that either have never been
used or have become free as a result of changes in technol-
ogy. Unassigned or un-used frequencies also appear locally
inside the frequency bands, which are otherwise allocated in
other locations. The unassigned frequency bands and guard
bands are referred to as white spaces.

TV white space may be broadly defined as broadcast
television spectrum that is unused by licensed services.
There are at least two categories of TV white space: [1]
Dedicated TV white space is a portion of the spectrum that
the FCC has reallocated to unlicensed use from previously
analog broadcast usage, and [2] Locally unused spectrum by
licensed TV broadcasters in a geographic area.

[1] Dedicated TV white space: In the United States, the
FCC has dedicated approximately 400 MHz of white spaces
for unlicensed use that became unused after a federally
mandated transformation of analog TV broadcasting to
digital TV broadcasting. However, the FCC has prohibited
unlicensed use of white spaces from interfering with existing
licensed uses, including digital TV stations, low power TV
stations, cable TV headends, and sites where low power
wireless microphones are used. Various proposals have been
made for unlicensed use of the white spaces left by the
termination of analog TV, for example rural broadband
deployment, auxiliary public safety communications, edu-
cational and enterprise video conferencing, personal con-
sumer applications, mesh networks, security applications,
municipal broadband access, enhanced local coverage and
communications, fixed backhaul, and sensor aggregation for
smart grid meter reading.

[2] Locally unused spectrum by licensed TV broadcasters:
The FCC has adopted rules to allow unlicensed radio
transmitters to operate in the broadcast television spectrum
at locations where that spectrum is not being used by
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licensed broadcasters. The FCC proposes two mechanisms
to enable the unlicensed transmitter to discover the available
channels: geo-location and database based approach, and
spectrum sensing. The use of one of the mechanisms is
required for the unlicensed transmitter. The FCC proposed
the use of geolocation to establish the location of the
unlicensed transmitter and a database of TV bands use by
licensed broadcasters organized by their geographic cover-
age areas, to enable the unlicensed transmitter to know
where local TV band white spaces may be available. The
FCC proposed the use of spectrum sensors in the unlicensed
transmitter to detect the presence of the incumbent, primary
TV broadcaster’s signal in the local TV band to enable the
unlicensed transmitter to immediately relinquish using the
band. A primary user in such a local TV band would be an
incumbent TV broadcaster licensed to operate in that band,
but in those geographic areas where there are no licensed
incumbent TV broadcasters in operation, other unlicensed
secondary users may make use of that band. There may be
also other incumbent users in the TV band, which the
secondary users should avoid, such as program making and
special events (PMSE) systems.

In addition to the United States, other countries are also
considering to enable unlicensed, secondary operation in TV
band white spaces. The requirements may slightly differ in
different countries, e.g. in the United States the maximum
transmit power for unlicensed device is defined based on the
device type, whereas in Europe location specific maximum
transmission power has been considered. In that case the
maximum allowed transmission power for an unlicensed
device would depend on the device geo-location, i.e. the
distance from the primary users. The device characteristics,
such as emission mask/ACLR (adjacent channel leakage
ratio) may affect the maximum allowed transmission power.

Other RF spectrum white spaces may be defined as RF
spectrum that is locally unused in certain geographic areas,
such as for example frequency allocations from maritime
radio in landlocked areas remote from the sea. A primary
user in such a maritime radio band would be a maritime
radio licensed to operate in that band, but in those geo-
graphic areas where there are no licensed maritime radios in
operation, other unlicensed secondary users may make use
of that band. Similarly, locally unused spectrum white
spaces may be present in certain geographic locations, such
as the frequency allocations from 2.025 GHz to 2.110 GHz
for earth stations to transmit to communications satellites, in
areas remote from such earth stations. A primary user in such
a satellite earth station radio band would be a satellite earth
station licensed to operate in that band, but in those geo-
graphic areas where there are no satellite earth stations in
operation, other unlicensed secondary users may make use
of that band. Further, other schemes of secondary use of
spectrum, other than unlicensed schemes may exist, such as
licensing, regulator defined policies, cognitive principles, or
authorized shared access.

SUMMARY

Method, apparatus, and computer program product
embodiments are disclosed to for efficient radio spectrum
use, and more particularly to resource coexistence manage-
ment in RF white spaces.

An example embodiment of the invention includes a
method comprising:
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receiving by a control node of a wireless network, an
allocation of resources and an indication of allowance to
release resources temporarily from a network controller
serving the control node; and

transmitting by the control node to the network controller,
a message indicating temporary release of a portion of the
allocated resources.

An example embodiment of the invention includes a
method comprising:

periodically indicating by the control node to the network
controller, whether the release is still valid; and

receiving by the control node, a return of the temporarily
released resources from the network controller, when the
release is no longer valid.

An example embodiment of the invention includes a
method comprising:

wherein the periodically indicating by the control node to
the network controller, whether the release is still valid,
happens in response to receiving a request or status query
from the network controller.

An example embodiment of the invention includes a
method comprising:

receiving by a network controller, a temporary release
message from a control node that it serves, indicating
temporary release of a portion of resources allocated to the
control node by the network controller;

periodically obtaining an indication from the control node
whether the release is still valid; and

returning the temporarily released resources to the control
node when the release is no longer valid.

An example embodiment of the invention includes a
method comprising:

wherein the periodically obtaining an indication from the
control node whether the release is still valid, happens in
response to sending a request or status query to the control
node.

An example embodiment of the invention includes a
method comprising:

transmitting by the network controller, at least a portion of
the resources released by the control node, to one or more
other network controllers; and

receiving by the network controller, a return of the
released resources from the one or more other network
controllers, when the network controller transmits a com-
mand to the one or more other network controllers to return
the released resources.

An example embodiment of the invention includes a
method comprising:

receiving by a network controller, resources from another
network controller, which were temporarily released by a
control node served by the other network controller; and

returning by the network controller, the released resources
to the other network controller, when the network controller
receives a command from the other network controller to
return the released resources.

An example embodiment of the invention includes a
method comprising:

transmitting by the network controller, at least a portion of
the resources released by the control node, to a second
control node that it serves; and

receiving by the network controller, a return of the
released resources from the second control node, when the
network controller transmits a command to the second
control node to return the released resources.

An example embodiment of the invention includes a
method comprising:

10

15

20

25

30

35

40

45

50

55

60

65

4

receiving by a network controller, resources from another
network controller, which were temporarily released by a
control node served by the other network controller;

calculating by the network controller, a new resource
allocation to a control node of the network controller with-
out changing an existing allocation of a coexistence set of
the control node; and

allocating a new resource allocation to the control node
with an indication to prohibit making a further a resource
release;

returning by the network controller, the released resources
to the other network controller, when the network controller
receives a command from the other network controller to
return the released resources.

An example embodiment of the invention includes an
apparatus comprising:

at least one processor;

at least one memory including computer program code;

the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to:

receive an allocation of resources and an indication of
allowance to release resources temporarily from a network
controller serving the apparatus; and

transmit to the network controller, a message indicating
temporary release of a portion of the allocated resources.

An example embodiment of the invention includes an
apparatus comprising:

the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to:

periodically indicate to the network controller, whether
the release is still valid; and

receive a return of the temporarily released resources
from the network controller, when the release is no longer
valid.

An example embodiment of the invention includes an
apparatus comprising:

at least one processor;

at least one memory including computer program code;

the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to:

receive a temporary release message from a control node
that the apparatus serves, indicating temporary release of a
portion of resources allocated to the control node by the
apparatus;

periodically obtain an indication from the control node
whether the release is still valid; and

return the temporarily released resources to the control
node when the release is no longer valid.

An example embodiment of the invention includes an
apparatus comprising:

the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to:

transmit at least a portion of the resources released by the
control node, to one or more other network controllers; and

receive a return of the released resources from the one or
more other network controllers, when the apparatus trans-
mits a command to the one or more other network control-
lers to return the released resources.

An example embodiment of the invention includes an
apparatus comprising:

at least one processor;

at least one memory including computer program code;
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the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to:

receive resources from another network controller, which
were temporarily released by a control node served by the
other network controller; and

return the released resources to the other network con-
troller, when the apparatus receives a command from the
other network controller to return the released resources.

An example embodiment of the invention includes an
apparatus comprising:

at least one processor;

at least one memory including computer program code;

the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to:

receive resources from another network controller, which
were temporarily released by a control node served by the
other network controller;

calculate a new resource allocation to a control node of
the apparatus without changing an existing allocation of a
coexistence set of the control node;

allocate a new resource allocation to the control node with
an indication to prohibit making a further a resource release;
and

return the released resources to the other network con-
troller, when the apparatus receives a command from the
other network controller to return the released resources.

An example embodiment of the invention includes a
computer program product comprising computer executable
program code recorded on a computer readable, non-tran-
sitory storage medium, the computer executable program
code comprising:

code for receiving by a control node of a wireless net-
work, an allocation of resources and an indication of allow-
ance to release resources temporarily from a network con-
troller serving the control node; and

code for transmitting by the control node to the network
controller, a message indicating temporary release of a
portion of the allocated resources.

An example embodiment of the invention includes a
computer program product further comprising:

code for periodically indicating by the control node to the
network controller, whether the release is still valid; and

code for receiving by the control node, a return of the
temporarily released resources from the network controller,
when the release is no longer valid.

An example embodiment of the invention includes a
computer program product comprising computer executable
program code recorded on a computer readable, non-tran-
sitory storage medium, the computer executable program
code comprising:

code for receiving by a network controller, a temporary
release message from a control node that it serves, indicating
temporary release of a portion of resources allocated to the
control node by the network controller;

code for periodically obtaining an indication from the
control node whether the release is still valid; and

code for returning the temporarily released resources to
the control node when the release is no longer valid.

An example embodiment of the invention includes a
computer program product further comprising:

code for transmitting by the network controller, at least a
portion of the resources released by the control node, to one
or more other network controllers; and

code for receiving by the network controller, a return of
the released resources from the one or more other network
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controllers, when the network controller transmits a com-
mand to the one or more other network controllers to return
the released resources.

An example embodiment of the invention includes a
computer program product comprising computer executable
program code recorded on a computer readable, non-tran-
sitory storage medium, the computer executable program
code comprising:

code for receiving by a network controller, resources from
another network controller, which were temporarily released
by a control node served by the other network controller; and

code for returning by the network controller, the released
resources to the other network controller, when the network
controller receives a command from the other network
controller to return the released resources.

An example embodiment of the invention includes a
computer program product comprising computer executable
program code recorded on a computer readable, non-tran-
sitory storage medium, the computer executable program
code comprising:

code for receiving by a network controller, resources from
another network controller, which were temporarily released
by a control node served by the other network controller;

code for calculating by the network controller, a new
resource allocation to a control node of the network con-
troller without changing an existing allocation of a coexis-
tence set of the control node; and

code for allocating a new resource allocation to the
control node with an indication to prohibit making a further
a resource release;

code for returning by the network controller, the released
resources to the other network controller, when the network
controller receives a command from the other network
controller to return the released resources.

The example embodiments of the invention provide effi-
cient radio spectrum use and resource coexistence manage-
ment in RF white spaces.

DESCRIPTION OF THE FIGURES

FIG. 1A is an example system architecture according to an
example embodiment of the invention, showing three net-
work controllers or coexistence managers CM_A, CM_C
and CM_X serving three respective White Space Objects
(WSOs), the first WSO A2, the second WSO C2, and the
third WSO X that are neighbors in a coexistence set, in an
example embodiment of the invention.

FIG. 1B is an example system architecture according to an
example embodiment of the invention, showing the network
controllers or coexistence managers CM_A, CM_C and
CM_X serving three respective White Space Objects
(WSOs), WSO A2, WSO C2, and WSO X that are neighbors
in a coexistence set, in an example embodiment of the
invention.

FIG. 1C is an example system architecture according to an
example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting reconfiguration command temporary
release entitlement message 211 of FIG. 2A, to coexistence
enabler 115 of white space object A2, in an example
embodiment of the invention.

FIG. 1D is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the coexistence enabler 115 of white space object
A2 transmitting to the network controller or coexistence
manager CM_A, temporary release message 212 of FIG. 2B,
in an example embodiment of the invention.
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FIG. 1E is an example system architecture according to an
example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting validity check message 213 of FIG. 2C,
to coexistence enabler 115 of white space object A2, in an
example embodiment of the invention.

FIG. 1F1 is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting CM-TO-ANOTHER-CM temporary
release message 214 of FIG. 2D, to coexistence manager
CM_C, in an example embodiment of the invention.

FIG. 1F2 is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting a reconfiguration command message, to
a second coexistence enabler 115' of a second white space
object A2' that it serves, in an example embodiment of the
invention.

FIG. 1G is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_C, transmitting reconfiguration command temporary
resources without right to further release 211' similar to FIG.
2A, to coexistence enabler 111 of white space object C2, in
an example embodiment of the invention.

FIG. 1H is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates coexistence enabler 115 of white space object A2
transmitting to the network controller or coexistence man-
ager CM_A, termination message 215 of FIG. 2E, in an
example embodiment of the invention.

FIG. 11 is an example system architecture according to an
example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting CM-TO-ANOTHER-CM termination
message 216 of FIG. 2F, to coexistence manager CM_C, in
an example embodiment of the invention.

FIG. 1]1 is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_C, transmitting reconfiguration command terminate
temporary resources 211" similar to FIG. 2A to coexistence
enabler 111 of white space object C2, in an example embodi-
ment of the invention.

FIG. 1J2 is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_C, transmitting reconfiguration command terminate
temporary resources 211" similar to FIG. 2A to a second
coexistence enabler 111' of a second white space object C2'
that it serves, in an example embodiment of the invention.

FIG. 2A is an example message format of the reconfigu-
ration command temporary release entitlement message 211,
in an example embodiment of the invention.

FIG. 2B is an example message format of the temporary
release message 212, in an example embodiment of the
invention.

FIG. 2C is an example message format of the validity
check message 213, in an example embodiment of the
invention.

FIG. 2D is an example message format of the CM-TO-
ANOTHER-CM temporary release message 214, in an
example embodiment of the invention.

FIG. 2E is an example message format of the termination
message 215, in an example embodiment of the invention.
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FIG. 2F is an example message format of the CM-TO-
ANOTHER-CM termination message 216, in an example
embodiment of the invention.

FIG. 2G is an example message format of the reconfigu-
ration command message to a second coexistence enabler of
a second white space object that the CM serves, in an
example embodiment of the invention.

FIG. 3 is a non-limiting example frequency band diagram
illustrating an example TDMA coexistence frame sub-band
in the TV band white space locally unused by licensed TV
broadcasters, representing broadcast TV channels in the
Richmond, Va. (USA) area, as shown in FIG. 4, an example
TDMA coexistence frame a in sub-band in the FCC dedi-
cated TV band white space, and an example TDMA coex-
istence frame in a sub-band in the earth station-to-satellite
locally unused white space spectrum, according to an
embodiment of the present invention.

FIG. 4 is an example map of the Richmond, Va. (USA)
geographic area and an overlay of coverage areas for broad-
cast TV channels, illustrating that there is a locally available
TV band white space that is unused by licensed TV broad-
casters, according to an embodiment of the present inven-
tion.

FIG. 5A is a functional block diagram according to an
example embodiment of the invention, illustrating an
example master WSD1 device including the control node or
coexistence enabler for the wireless device. The device may
be configured to operate in the TVWS coexistence bands or
additional RF spectrum white space spectrum where there
may be no primary user radios operating in the neighboring
wireless networks, in an example embodiment of the inven-
tion.

FIG. 5B is an example network diagram according to an
embodiment of the present invention, illustrating the control
node or coexistence enabler, communicating over a back-
haul wireline and/or internet link with the network controller
or coexistence manager, in an example embodiment of the
invention.

FIG. 6A is an example flow diagram of operational steps
in a control node transmitting to a serving network control-
ler, a temporary release message indicating resources that
were kept by the control node, according to an embodiment
of the present invention.

FIG. 6B is an example flow diagram of operational steps
in a network controller that receives a temporary release
message from a control node that it serves, indicating
resources that were kept by the control node, according to an
embodiment of the present invention.

FIG. 6C is an example flow diagram of operational steps
in a network controller that receives resources from another
network controller, in response to receiving a temporary
release message, according to an embodiment of the present
invention.

FIG. 6D is an example flow diagram of operational steps
in a network controller that receives resources from another
network controller and calculates a new resource allocation
to a control node of the network controller without changing
an existing allocation of a coexistence set of the control
node, in response to receiving a temporary release message,
according to an embodiment of the present invention.

FIG. 7 is an example frequency band diagram illustrating
an example TDMA coexistence frame in a sub-band in an
unpaired time domain duplex frequency white space in the
uplink portion of a mobile device communications fre-
quency band, according to an example embodiment of the
invention.
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FIG. 8 illustrates an example embodiment of the inven-
tion, wherein examples of removable storage media are
shown, based on magnetic, electronic and/or optical tech-
nologies, such as magnetic disks, optical disks, semicon-
ductor memory circuit devices and micro-SD memory cards
(SD refers to the Secure Digital standard) for storing data
and/or computer program code as an example computer
program product, in accordance with at least one embodi-
ment of the present invention.

DISCUSSION OF EXAMPLE EMBODIMENTS
OF THE INVENTION

In the United States, the FCC has opened up 300 MHz to
400 MHz of white spaces for unlicensed use that became
unused after a federally mandated transformation of analog
TV broadcasting to digital TV broadcasting. However, the
FCC has prohibited unlicensed use of white spaces from
interfering with existing licensed uses, including digital TV
stations, low power TV stations, cable TV headends, and
sites where low power wireless microphones are used.

The FCC has defined the regulation of white spaces in
Second Memorandum Opinion and Order, FCC 10-174,
Sep. 23, 2010 for secondary white space devices (WSD). In
Europe, the European Conference of Postal and Telecom-
munications Administrations (CEPT) has defined initial
requirements in ECC Report 159: Technical and Opera-
tional Requirements for the Possible Operation of Cognitive
Radio Systems in the ‘White Spaces’ of the Frequency Band
470-790 MHz, January 2011.

Various proposals have been made for unlicensed use of
the white spaces left by the termination of analog TV, for
example rural broadband deployment, auxiliary public
safety communications, educational and enterprise video
conferencing, personal consumer applications, mesh net-
works, security applications, municipal broadband access,
enhanced local coverage and communications, fixed back-
haul, and sensor aggregation for smart grid meter reading.

Coexistence standards are currently being developed to
enable two or more independently operated wireless net-
works or devices using any radio technologies adapted for
TV white space frequency bands, to access the same TV
white space frequency band in the same location without
mutual interference.

The IEEE 802.19 Working Group is currently defining
coexistence rules for heterogeneous secondary networks. An
example embodiment of the invention enables coexistence
between heterogeneous secondary networks and coexistence
between secondary networks and primary networks that are
required to be protected. Primary networks and users are
incumbent users of the selected frequency band that have a
form of priority access to the band. Primary networks
include networks operating in FCC licensed bands, such as
for commercial radio and television broadcasting. Second-
ary networks and users are allowed to use the selected band
only if there are resources that are not used by the primary
users. Secondary networks include any broadband networks
operating unlicensed in the TV white spaces (TVWS) and
using transmission devices that comply with the FCC
requirements for TV Band Devices (TVBDs). Fixed TVBD
devices must include geo-location and query a database to
determine allowed channels. Portable master TVBD devices
must be able to access geo-location data or include a
spectrum sensing capability to identify TV and wireless
microphone signals.

The FCC has adopted rules to allow unlicensed radio
transmitters to operate in the broadcast television spectrum
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at locations where that spectrum is not being used by
licensed broadcasters. The FCC required the use of geo-
location to establish the location of the unlicensed transmit-
ter and a database of TV bands use by licensed broadcasters
organized by their geographic coverage areas, to enable the
unlicensed transmitter to know where local TV band white
spaces may be available. Alternatively, the FCC required the
use of spectrum sensors in the unlicensed transmitter to
detect the presence of the incumbent, primary TV broad-
caster’s signal in the local TV band white space to enable the
unlicensed transmitter to immediately relinquish using the
band. A primary user in such a local TV band white space
would be an incumbent TV broadcaster licensed to operate
in that band, but in those geographic areas where there are
no licensed incumbent TV broadcasters in operation, other
unlicensed secondary users may make use of that band.

Other spectrum white spaces may be locally unused in
certain geographic areas, such as the frequency allocations
from maritime radio in landlocked areas remote from the
sea. A primary user in such a maritime radio band would be
a maritime radio licensed to operate in that band, but in those
geographic areas where there are no licensed maritime
radios in operation, other unlicensed secondary users may
make use of that band. Similarly, locally unused spectrum
white spaces may be present in certain geographic locations,
such as the frequency allocations from 2.025 GHz to 2.110
GHz for earth stations to transmit to communications sat-
ellites, in areas remote from such earth stations. A primary
user in such a satellite earth station radio band would be a
satellite earth station licensed to operate in that band, but in
those geographic areas where there are no satellite earth
stations in operation, other unlicensed secondary users may
make use of that band.

Active coexistence between secondary networks using the
RF white spaces may require new techniques for fairly
sharing the available bandwidth among different heteroge-
neous secondary networks and accord the required prefer-
ence for primary users of the band. Such new techniques
may require some form of communication between the
secondary networks to enable a fair usage of the local
spectrum.

A network controller or coexistence manager CM is the
main decision maker of the coexistence system. It discovers
and solves the coexistence conflicts of the networks oper-
ating in the same area. A CM serves one or more networks.
Depending on the deployment, it resides either in a TVBD
or in the network entity. In independent networks it may
reside in a TVBD. The CM discovers the interfering net-
works and their CMs, and shares information with other
CMs. Based on the collected information it reconfigures the
operation of its own networks, but also performs resource
reallocation for those WSOs in a coexistence set the CM is
allowed to, as needed.

In the United States, the WSD may operate as a master
WSD of a network of associated slave WSD devices. For
example, the master WSD may be an access point or base
station. The master WSD is expected to access the geo-
location database (DB) on behalf of its slave WSD devices,
to discover the available spectrum that is not used by the
incumbent users, for example, TV broadcasters.

The following discussion employs terms that are defined
as follows:

WSO (White Space Object)=TVBD network or device.

Coexistence set=neighbors.

Coexistence set is a set of WSOs otherwise referred to
as neighbors.
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Each coexistence manager (CM) determines and main-
tains a coexistence set for each WSO that it serves.
A WSO’s coexistence set comprises of other WSOs
that may interfere the WSO or that the WSO may
interfere with.

Coexistence set element=neighbor TVBD network or

device

A WSO that belongs to a coexistence set

Coexistence set extension=Limiting networks (the neigh-

bors of neighbors)

Each CM has a coexistence set extension for each
coexistence set it has (one per WSO the CM serves).
The extension comprises those WSOs that belong to
the coexistence sets of WSOs in one’s own coexis-
tence set, but that do not belong to the one’s own
coexistence set.

Control node=coexistence enabler (CE)

Network controller=coexistence manager (CM)

In accordance with an example embodiment of the inven-
tion, small and frequent changes may be accommodated in
resource needs in the resource allocations given to the
WSOs. Resource needs of a wireless network (a WSO) may
vary frequently due to changes in number of connected
client devices, active services per client devices, etc.

In accordance with an example embodiment of the inven-
tion, a coexistence enabler (CE) is allowed at any moment,
to temporarily release resources that were previously allo-
cated to it and its WSO. In accordance with an example
embodiment of the invention, the coexistence manager
(CM) that serves the releasing CE, may temporarily release
the released resources and make them available to other
CMs for the period that the releasing CE does not need them.

In accordance with an example embodiment of the inven-
tion, a CE may communicate the release and its temporary
nature to the CM that serves it. In accordance with an
example embodiment of the invention, the serving CM may
periodically check the releasing CE (at least once per a
pre-determined interval) as to whether the release is still
valid. In accordance with an example embodiment of the
invention, the serving CM may return the temporarily
released resources to the releasing CM upon request of the
CE.

In accordance with an example embodiment of the inven-
tion, a CM that serves a CE that has temporarily released
resources, makes the released resources temporarily avail-
able to other CMs. In accordance with an example embodi-
ment of the invention, the serving CM may command the
other CMs to stop using the temporarily released resources
upon the expiration of a condition required by the CE that
released the resources.

FIG. 1A is an example system architecture according to an
example embodiment of the invention, showing three net-
work controllers or coexistence managers CM_A, CM_C
and CM_X serving three respective White Space Objects
(WSOs), the first WSO A2, the second WSO C2, and the
third WSO X that are neighbors in a coexistence set, in an
example embodiment of the invention.

The first WSO A2 includes a network of white space
devices (WSDs) WSD5 and WSD8. The second WSO C2
includes a second network of WSDs WSD1 and WSD2.

Example white space spectrum in the operating area of a
WSD device include dedicated TV white space spectrum 30,
locally unused TV bands 31, locally unused maritime bands
33, locally unused satellite bands 35, and locally unpaired
(TDD) mobile device frequencies.

In an example embodiment of the invention, a network of
distributed coexistence managers CM_A, CM_C, and

10

15

20

25

30

35

40

45

50

55

60

65

12

CM_X may communicate with one another over the Internet
105 and CM network 106. The white space object (WSO) A2
may transmit to the network controller or coexistence man-
ager CM_A, a temporary release of resources 32A. The
coexistence manager CM_A may forward over the CM
network 106 to coexistence manager CM_C all or a portion
of the temporary release of resources 32A. The coexistence
manager CM_C may, in turn, transmit a reconfiguration
command to white space object (WSO) A2 to convey all or
a portion of the temporary release of resources 32A.

FIG. 1A also shows three non-limiting example white
space spectra locally unused by licensed primary users of
their respective spectrum white spaces, which may be used
by the master WSD1 or slave WSD2, operating as unli-
censed secondary users. TV band white space 31 is locally
unused by licensed TV broadcasters. Maritime radio band 33
is locally unused by licensed maritime band radios. Earth
station-to-satellite radio band 35 is locally unused by
licensed earth station radios. A non-limiting example of a
TV band white space 31 locally unused by licensed TV
broadcasters is the 174-204 MHz band, representing the
local absence of broadcast VHF TV channels 7, 8, 9, 10, and
11. If there were a local absence of licensed broadcasters in
TV band white space 31, on VHF TV channels 7, 8, 9, 10,
and 11, which would otherwise interfere with the master
WSD1 or slave WSD2, then they could operate as unli-
censed secondary users and make use of TV band white
space 31. If either master WSD1 or slave WSD2 were to
detect a signal transmitted from a neighboring TV broad-
caster in band 31, then they would have to relinquish their
use of the TV band white space 31 and make a resource
request, in accordance with an example embodiment of the
invention. Non-limiting examples of white space spectra are
available in many parts of the electromagnetic spectrum. For
example, white space spectra are available for personal/
portable devices in the UHF portion of the spectrum.

A maritime radio operates in a number of licensed fre-
quency allocations and is a primary user in the maritime
radio band 33. If there were no licensed maritime radios in
operation that would interfere with the master WSD1 or
slave WSD2, then they could operate as unlicensed second-
ary users and make use of maritime radio band 33. If either
master WSD1 or slave WSD2 were to detect a signal
transmitted from a neighboring maritime radio, then they
would have to relinquish their use of the maritime band 33
and make a resource request, in accordance with example
embodiments of the invention.

A satellite earth station transmits to satellites in licensed
frequency allocations from 2.025 GHz to 2.110 GHz and is
a primary user in the earth-to-satellite band 35. If there were
no licensed earth station radios in operation that would
interfere with the master WSD1 or slave WSD2, then they
could operate as unlicensed secondary users and make use of
earth-to-satellite radio band 35. If either master WSD1 or
slave WSD2 were to detect a signal transmitted from a
neighboring earth station radio, then they would have to
relinquish their use of the earth-to-satellite band 35 and
make a resource request, in accordance with example
embodiments of the invention.

Also shown in FIG. 1A is a second master WSD device
WSDS5 and its associated slave WSD8 in the second master
WSD5’s operation area. The master WSD5 uses a cellular
3rd Generation Partnership Project (3GPP) standard, such as
Third-Generation (3G), Wideband Code Division Multiple
Access (W-CDMA), High Speed Packet Access (HSPA),
Long Term Evolution (LTE), LTE Advanced (LTE-A), or
International Mobile Telecommunications Advanced (IMT-
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A), for its normal communications on the cell links, but it is
capable of communicating in white space spectrum on
TVWS links 6, 7, and 8. The returned information from the
geo-location database enables the operation in the white
space spectrum, of both the master WSDS5 and its associated
slave WSDS that are within the master WSD5’s operational
area. FIG. 7 shows an example TDMA coexistence frame 24'
in sub-band 14' in the unpaired time domain duplex fre-
quency white space 36 in the uplink portion of the mobile
device frequency band, which may be used by the cell base
master device WSD5 and the cell slave device WSDS8 in
FIG. 1A. TVWS may be used, for examine, in carrier
aggregation, where it is available, in addition to licensed
media.

Similar examples include local area technologies imple-
mented for example, cellular technologies for small cell
operations such as hotspots, pico cells, femto cells, home
nodes such as Home Node B (HNB), Home eNodeB
(HeNB) and the like. Further, integrated local nodes of
secondary networks may consist of 3GPP technologies com-
bined with the IEEE technologies, for example LTE Home
eNodeB (LTE HeNB) with Wi-Fi.

FIG. 1B is an example system architecture according to an
example embodiment of the invention, showing the network
controllers or coexistence managers CM_A, CM_C and
CM_X serving three respective White Space Objects
(WSOs), WSO A2, WSO C2, and WSO X that are neighbors
in a coexistence set A, in an example embodiment of the
invention.

In an example embodiment of the invention, a network of
distributed coexistence managers CM_A and CM_C may
communicate with one another over the Internet 105.
According to an example embodiment of the invention, the
control node or coexistence enabler 111 in the master WSD1
may communicate over the Internet 105 with the TVWS
coexistence manager CM_C. According to an alternate
example embodiment of the invention, the control node or
coexistence enabler 111 in the master WSD1 may be collo-
cated with the TVWS coexistence manager CM_C. The
coexistence enabler 115 in the master WSD5 may commu-
nicate over the Internet 105 with the TVWS coexistence
manager CM_A. The distributed coexistence managers
CM_A and CM_C may communicate over the Internet 105,
in an example embodiment of the invention. Master WSD1
may be registered through the control node or coexistence
enabler 111 to the network controller or coexistence man-
ager CM_C. Master WSD5 may be registered through the
control node or coexistence enabler 115 to the network
controller or coexistence manager CM_A.

The coexistence enabler 111 may obtain information
required for coexistence from a traffic network or device
representing it. This may include configuration and control
of measurements. Also, the coexistence enabler 111 may
provide reconfiguration commands and control information
to the master WSD1, corresponding to coexistence decisions
received from coexistence manager CM_C. The coexistence
manager CM_A is responsible for discovery of Coexistence
Managers (CM)s CM_C managing neighboring wireless
networks, for example, and coexistence related information
may be exchanged with them. The coexistence manager
CM_A or CM_C may have the needed information to make
decisions of resource sharing among the Coexistence Man-
agers (CM)s managing neighboring wireless networks.

The coexistence manager CM_C handles resource
requests from the coexistence enabler 111 in master WSD1.
The coexistence manager CM_A handles resource requests
from the coexistence enabler 115 in master WSD5. The
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master WSD1 includes IEEE 802.11 MAC and PHY to
communicate over its network. The master WSDS5 cell
system includes a cellular 3GPP standard MAC and PHY to
communicate over its network. The coexistence enablers 111
and 115 in master WSD1 and in master WSDS5 send resource
requests to the respective coexistence managers CM_C and
CM_A.

The example system architecture of FIG. 1B shows the
coexistence manager CM_C receiving a resource request
from the coexistence enabler 111 in master WSD1. The
coexistence manager CM_C has received Spectrum sensing
results and network parameters from the coexistence enabler
111 in master WSD1. Network parameters may include
specific user requirements (user load, QoS, priority, etc),
aggregate spectral efficiency, etiquette (first come, first
served, etc.), and user or network policies. The coexistence
manager CM_C accesses a geo-location database 200 in
FIG. 1A to obtain available secondary channels in the TV
band white space. The coexistence manager CM_C accesses
the coexistence network element coexistence discovery and
information server (CDIS) 107 in FIG. 1A to obtain potential
neighbor networks’ addresses. The coexistence manager
CM_C processes this data in conjunction with Spectrum
maps, Operational parameters, and Time base sync, to
determine a resource reallocation for the coexistence enabler
111 in master WSD1. The coexistence manager CM_C then
sends to the coexistence enabler 111 in master WSD1 the
resource reallocation, including Operational parameters,
Quiet period parameters, Spectrum sensing strategy, and/or
Time base sync. The coexistence enabler 111 in master
WSD1 then controls at least one of the medium access
control (MAC) and the physical layer (PHY) and the Radio
resource Control (RRC) and the Radio Resource Manage-
ment (RRM) to communicate in channels in the TV white
spaces band reallocated by the coexistence manager CM_C,
without interference from other networks sharing the same
white space channels. A similar operation may be carried out
by the coexistence manager CM_A in conjunction with the
coexistence enabler 115 in master WSD5. A network of
distributed coexistence managers CM_C and CM_A may
communicate with one another over the Internet 105.

FIG. 1C is an example system architecture according to an
example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting reconfiguration command temporary
release entitlement message 211 of FIG. 2A, to control node
or coexistence enabler (CE) 115 of white space object A2, in
an example embodiment of the invention.

The control node or coexistence enabler (CE) receives an
allocation of resources from the network controller or coex-
istence manager (CM) serving the control node.

In an example embodiment of the invention, a CE that is
served by a CM and that has subscribed to the management
service, and that has received a reconfiguration command
from the serving CM with operating parameters (i.e.
resource allocation) has means to release some of the
resources allocated to it and its WSO in temporary manner.

In an example embodiment of the invention, the serving
CM has means to manage the CEs it serves with respect to
whether the CEs are entitled to release resources in tempo-
rary manner. In an example embodiment of the invention,
each reconfiguration command from a CM to a CE it serves
in the coexistence management service may contain an
indication whether the CE is entitled to release the given
resources in temporary manner. Only a CE that has been
entitled to release resources in the previous reconfiguration
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command from its CM may release some of the resources
using the methods defined earlier in this section.

FIG. 1D is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the control node or coexistence enabler (CE) 115
of white space object A2 transmitting to the network con-
troller or coexistence manager CM_A, temporary release
message 212 of FIG. 2B, in an example embodiment of the
invention.

The control node or coexistence enabler (CE) transmits to
the network controller or coexistence manager (CM), a
temporary release message indicating resources that were
kept by the control node after a temporary release.

In an example embodiment of the invention, the CE may
send a message to the serving CM at any time after the
reconfiguration message to indicate that the CE and its WSO
take only a portion of the given resources in use and make
the rest of the resources available for others in temporary
manner. In an example embodiment of the invention, the
message may be similar to the response message sent as a
response to a reconfiguration command message. The
response message may have at least a field with which the
CE can indicate that the new parameters are due to tempo-
rary release of some resources allocated to the CE and its
WSO. In an example embodiment of the invention, there
may be a new message type for a CE to indicate temporary
release of resources. In an example embodiment of the
invention, regardless of the message type the release mes-
sage from a CE to the CM serving it may contain operating
parameters of the WSO associated to the CE after the
temporary release.

FIG. 1E is an example system architecture according to an
example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting validity check message 213 of FIG. 2C,
to control node or coexistence enabler (CE) 115 of white
space object A2, in an example embodiment of the inven-
tion.

The control node or coexistence enabler (CE) periodically
indicates to the network controller or coexistence manager
(CM), whether the release is still valid. In an example
embodiment of the invention, the termination message 215
of FIG. 2E may be a response message to the validity check
message 213 of FIG. 2C. The response to the validity check
message 213 may be either “release is still valid” or “ter-
minate the release”. The control node or coexistence enabler
(CE) may make this response/indication only when the
network controller or coexistence manager (CM) has trans-
mitted the validity check message 213.

In an example embodiment of the invention, a CM that
serves a CE and that receives from the CE a temporary
release of resources allocated to the CE and its WSO, takes
responsibility for maintaining the temporarily released
resources on behalf of the CE.

In an example embodiment of the invention, the serving
CM has a timer for each of the CEs it serves in the
management service. The timer is reset to a pre-determined
value representing the release validity period and is started
to decrement upon receiving a release request message from
the CE. The serving CM may successfully complete a
validity check request-response message exchange with the
releasing CE at least once per the release validity period. The
timer may be maintained as long as the release is valid. The
timer may be reset to the pre-determined value representing
the release validity period and restarted to decrement upon
reception of a response message from the releasing CE
indicating a continuation of the release.
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The control node receives a return of the temporarily
released resources from the network controller, when the
release is no longer valid.

In an example embodiment of the invention, the control
node periodically indicates to the network controller,
whether the release is still valid, in response to receiving a
request or status query from the network controller.

FIG. 1F1 is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting CM-TO-ANOTHER-CM temporary
release message 214 of FIG. 2D, to network controller or
coexistence manager CM_C, in an example embodiment of
the invention.

In an example embodiment of the invention, the serving
CM communicates its CE’s resources after a temporary
release. It is then up to receiving CM to calculate what kind
of resources it can have according to reduced resources of
the releasing neighbor CE, without changing the resource
allocation of any WSOs in the coexistence set of the WSO
receiving temporary resources. In another example embodi-
ment of the invention, temporarily released resources may
be communicated to receiving CMs.

In an example embodiment of the invention, this happens
with a message similar to the one with which the CM
communicates operating parameters of the CE that the CM
serves. In an example embodiment of the invention, the
message may contain a field with which the serving CM may
indicate whether the operating parameters are due to a
temporary resource release. In an example embodiment of
the invention, the message may allow the serving CM to
indicate the operating parameters of a WSO associated to a
CE and whether the operating parameters are due to tem-
porary resource release. In an example embodiment of the
invention, the same message may be used by the serving CM
also to indicate termination of the temporary resource
release. Such a message may be sent by the serving CM
when the releasing CE has declined to continue the release
and when the release timer has expired.

The network controller receives a temporary release mes-
sage from a control node that it serves, indicating resources
that were kept by the control node after a temporary release.
The network controller transmits at least a portion of the
resources released by the control node, to one or more other
network controllers. The one or more other network con-
troller receives resources from the originating network con-
troller, which were temporarily released by a control node
served by the originating network controller.

FIG. 1F2 is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting a reconfiguration command message
211' of FIG. 2G, to a second control node or coexistence
enabler (CE) 115' of a second white space object Al that
CM_A serves, in an example embodiment of the invention.

In an example embodiment of the invention, if the CM_A
allocates at least a portion of the temporarily released
resources to another CE 115' of another WSO A1 that CM_A
serves, CM_A may send a reconfiguration command mes-
sage 211' of FIG. 2G to the other CE 115' indicating the
additional resources. In an example embodiment of the
invention, the message may be a reconfiguration command
message that contains a field with which the CM indicates
the operating parameters and whether the parameters are due
to temporarily released resources. The indication that the
parameters are due to temporarily released resources may be
to prohibit the other CE 115' from further releasing the
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temporary resources. In an example embodiment of the
invention, this indication may be the same as the one with
which the CM indicates whether the original CE 115 is
entitled to release the allocated resources or not.

In an example embodiment of the invention, the CM_A
may send a reconfiguration command to the other CE 115'
indicating that both a portion or all of the temporarily
released resources are provided and also that free/released
resources from the network may be provided, and also that
resources still reserved for the network may be provided.

FIG. 1G is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_C, transmitting reconfiguration command—temporary
resources without right to further release 211' similar to FIG.
2A, to control node or coexistence enabler (CE) 111 of white
space object C2, in an example embodiment of the inven-
tion.

In an example embodiment of the invention, a CM that
receives from another CM a message indicating existence of
temporarily released resources, may take the resources tem-
porarily for use by a WSO associated to a CE it serves.

In an example embodiment of the invention, if the CM
allocates at least a portion of the temporarily released
resources to one of the WSOs associated to a CE it serves,
it may send a message to the CE indicating the additional
resources. In an example embodiment of the invention, the
message may be a reconfiguration command message that
contains a field with which the CM indicates the operating
parameters and whether the parameters are due to tempo-
rarily released resources. The indication that the parameters
are due to temporarily released resources may be to prohibit
the CE from further releasing the temporary resources. In an
example embodiment of the invention, this indication may
be the same as the one with which the CM indicates whether
the CE is entitled to release the allocated resources or not.

In an example embodiment of the invention, the network
controller or coexistence manager CM_C in FIG. 1F1, has
received resources in the CM-TO-ANOTHER-CM tempo-
rary release message 214 from network controller or coex-
istence manager CM_A, which were temporarily released by
the control node or coexistence enabler (CE) 115 served by
the network controller CM_A.

In an example embodiment of the invention, the network
controller CM_C in FIG. 1G, calculates a new resource
allocation to the control node or coexistence enabler (CE)
111 of the network controller CM_C, without changing an
existing allocation of a coexistence set of the control node
111.

In an example embodiment of the invention, the network
controller CM_C in FIG. 1G, allocates the new resource
allocation to the control node 111 with an indication to
prohibit making a further a resource release.

In an example embodiment of the invention, the network
controller CM_C in FIG. 1J1, sends the reconfiguration
command-terminate temporary resources message 211" to
control node or coexistence enabler 111, to thereby return
the released resources to the network controller CM_A,
when the network controller CM_C in FIG. 11, receives the
command CM-TO-ANOTHER-CM termination message
216 from network controller CM_A to return the released
resources.

In an example embodiment of the invention, the CM_C
may send a reconfiguration command to the CE 111 indi-
cating that both a portion or all of the temporarily released
resources are provided and also that free/released resources
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from the network may be provided, and also that resources
still reserved for the network may be provided.

FIG. 1H is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates control node or coexistence enabler (CE) 115 of
white space object A2 transmitting to the network controller
or coexistence manager CM_A, termination message 215 of
FIG. 2E, in an example embodiment of the invention.

The network controller or coexistence manager (CM)
periodically obtains an indication from the control node or
coexistence enabler (CE) whether the release is still valid.

In an example embodiment of the invention, the termi-
nation message 215 from the control node or coexistence
enabler (CE) may be a response message to the validity
check message 213 sent by the network controller or coex-
istence manager (CM). The response to the validity check
message 213 may be either “release is still valid” or “ter-
minate the release”. The control node or coexistence enabler
(CE) may make this response/indication only when the
network controller or coexistence manager (CM) has trans-
mitted the validity check message 213.

In an example embodiment of the invention, when the
originating CE wants to terminate the temporary resource
release and take back all the allocated resources in use, it
indicates the termination to the serving CM in a message
sent as a response to a validity check request from the CM.

FIG. 11 is an example system architecture according to an
example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting CM-TO-ANOTHER-CM termination
message 216 of FIG. 2F, to coexistence manager CM_C, in
an example embodiment of the invention.

The network controller returns the released resources to
the originating network controller, when the network con-
troller receives a command from the originating network
controller to return the released resources.

In an example embodiment of the invention, a CM that
serves a CE and that receives from the CE a temporary
release of resources allocated to the CE and its WSO, takes
responsibility for maintaining the temporarily released
resources on behalf of the CE. The message may be used by
the serving CM to indicate termination of the temporary
resource release. Such a message may be sent by the serving
CM when the releasing CE has declined to continue the
release and when the release timer has expired.

FIG. 111 is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_C, transmitting reconfiguration command—terminate
temporary resources 211" similar to FIG. 2A to control node
or coexistence enabler (CE) 111 of white space object C2, in
an example embodiment of the invention.

In an example embodiment of the invention, a reconfigu-
ration command from the serving CM commands the CE to
stop the use of the temporarily the released resources.

FIG. 1J2 is an example system architecture according to
an example embodiment of the invention of FIG. 1A, which
illustrates the network controller or coexistence manager
CM_A, transmitting reconfiguration command terminate
temporary resources 211" similar to FIG. 2A, to a second
coexistence enabler 115' of a second white space object Al
that CM_A serves, in an example embodiment of the inven-
tion.

FIG. 3 is a non-limiting example frequency band diagram
illustrating an example TDMA coexistence frame sub-band
28 in the TV band white space locally unused by licensed
TV broadcasters in the 174-204 MHz band, representing
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broadcast TV channels 7, 8, 9, 10, and 11 in the Richmond,
Va. (USA) area, as shown in FIG. 4, according to an
embodiment of the present invention. License-exempt
access to these bands as a secondary use for coexistence of
networks requesting additional resources, may include
restrictions on geographic location, transmission power,
range, and bandwidth of the transmissions of the requesting
networks.

As a non-limiting example, the 802.11 WLAN standards
specify frequencies for operation in the 2.400-2.500 GHz
ISM band, the 5 GHz ISM band, and the IEEE 802.11ad
Very High Throughput 60 GHz band. The 802.11 WLAN
standards specify an OFDM-based physical layer with a
bandwidth of 20 MHz channel separation. At 11 MHz from
the center of the channel, the energy is approximately 20 dB
lower than the maximum signal level. Further away from the
center frequency, the energy levels fall further resulting in
minimal interference on adjacent channels. The TV band
white spaces at 54-88 MHz and at 470-806 MHz are good
candidates for coexistence of an 802.11 WLAN wireless
LAN channel. The earth station-to-satellite white space
spectrum at 2.025 GHz to 2.110 GHz is a good candidate for
coexistence of an 802.11 WLAN wireless LAN channel. A
TV band white space locally unused by licensed TV broad-
casters, for example, in the 174-204 MHz band, representing
the local absence of broadcast TV channels 7, 8, 9, 10, and
11, as is the circumstance in the Richmond, Va. (USA) area,
is a good candidate for coexistence of an 802.11 WLAN
wireless LAN channel.

FIG. 3 shows a non-limiting example of the location of
the white spaces in the RF spectrum and example TDMA
coexistence frames in the white space spectrum, showing the
freely available time slots before any networks have been
allocated slots. The white spaces include the FCC dedicated
TV white space 54-88 MHz band, the FCC dedicated TV
white space 470-806 MHz band, and locally unused the
earth station-to-satellite white space spectrum in 2.025 GHz
to 2.110 GHz.

In an example embodiment of the invention, there are a
number of TVWS coexistence techniques possible for
enabling two or more independently operated wireless net-
works or devices using different radio technologies adapted
for TV white space frequency bands, to access the same TV
white space frequency band in the same location without
mutual interference. Some examples of coexistence tech-
niques include dynamic frequency selection, transmit power
control, listen-before-talk behavior, time division multiplex-
ing different IEEE 802 technologies, message-based on-
demand spectrum contention, and control through a central-
ized network controller or coexistence manager.

FIG. 4 shows an example map of the Richmond, Va.
(USA) geographic area and an overlay of coverage areas for
broadcast TV channels 7, 8, 9, 10, and 11, illustrating that
there is a locally available TV band white space that is
unused by licensed TV broadcasters in the 174-204 MHz
band, as shown in FIG. 3. The cities where there are TV
broadcasters for TV channels 7, 8,9, 10, and 11 in a circular
area of approximately 160 kilometers in diameter surround-
ing the city of Richmond, Va., are shown in the following
table. The map of FIG. 4 shows that there is no coverage by
licensed TV broadcasters in the 174-204 MHz band, which
is therefore a locally available TV band white space.

WASHINGTON, DC
NORFOLK, VIRGINIA

TV CHANNEL 7
TV CHANNEL 7

174-180 MHz
174-180 MHz
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-continued
HARRISONBURG, VA TV CHANNEL 8 180-186 MHz
WASHINGTON, DC TV CHANNEL 9 186-192 MHz
NORFOLK, VIRGINIA TV CHANNEL 9 186-192 MHz
WINCHESTER, VA TV CHANNEL 10 192-198 MHz
RALEIGH, NC TV CHANNEL 11 198-204 MHz
STAUNTON, VIRGINIA TV CHANNEL 11 198-204 MHz

FIG. 5A is a functional block diagram according to an
example embodiment of the invention, illustrating an
example master WSD1 device including the control node or
coexistence enabler 111 for the wireless device. The device
may be configured to operate in the TVWS coexistence
bands or additional RF spectrum bands where there may be
no primary user radios operating in the neighboring wireless
networks, in an example embodiment of the invention.

In an example embodiment of the invention, master
WSDI1 includes a protocol stack, including the radio 128 and
the IEEE 802.11 MAC 142, which may be based, for
example, on the IEEE 802.11 WLAN standard. The MAC
142 includes integrated TV white space features. The pro-
tocol stack may also include a network layer 140, a transport
layer 138, and an application program 136. The example
master WSD1 may include a processor 134 that includes a
dual or multi core central processing unit CPU_1 and
CPU_2, a RAM memory, a ROM memory, and an interface
for a keypad, display, and other input/output devices. A
location sensor 132, such as a GPS may be included to
establish the geographic location of the master WSD1, and
the location of the master WSD1 is reported to the network
controller or coexistence manager CM_C. The coexistence
enabler 111 may send resource requests to the coexistence
manager CM_C. The MAC 142 includes integrated TV
white space features to communicate using the radio 128 in
channels in the TV white spaces band reallocated by the
coexistence manager CM_C, without mutual interference.
The spectrum sensor 130 senses the electromagnetic envi-
ronment of the master WSD1 and reports it to the coexis-
tence manager CM_C.

In an example embodiment of the invention, the geo-
location database 200 of FIG. 5B, may communicate the
allowed emission levels via the Internet 105 to the coexis-
tence manager CM_C, which forwards the allowed emission
levels via the Internet 105 to coexistence enabler 111 in the
master WSD1.

In an example embodiment of the invention, the master
WSD1 includes spectral decoding logic 133. When input
data are not properly correlated, a rectangularly-pulsed
OFDM signal is discontinuous in phase and thus exhibits
large power spectral sidelobes decaying asymptotically as
the frequency. Such large sidelobes cause strong interference
to adjacent channels and need to be suppressed before
transmission. Spectral precoding is capable of suppressing
sidelobe powers effectively without trading off system error
performance or implementation complexity. By spectral
precoding, significant sidelobe suppression is achieved by
precoding data symbols in frequency domain without resort
to specific data values. The idea is to introduce correlation
among data symbols by a fixed precoder matrix in a way that
the spectrally-precoded rectangularly-pulsed OFDM signal
exhibits extremely small power spectral sidelobes decaying
asymptotically, and thereby high spectral efficiency. Spectral
precoders are all invertible and thus enable realizable decod-
ing at the receiver while providing good system error
performance. An example spectral decoder is described in
the publication by Char-Dir Chung, “Spectral Precoding for
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Constant-Envelope OFDM”, I[EEE Transactions on Com-
munications, vol. 58, no. 2, February 2010, pages 555-567.

In an example embodiment of the invention, the interface
circuits in FIG. 5A may interface with one or more radio
transceivers, battery and other power sources, key pad, touch
screen, display, microphone, speakers, ear pieces, camera or
other imaging devices, etc. The RAM and ROM may be
removable memory devices such as smart cards, subscriber
identity modules (SIMs), wireless identification modules
(WIMs), semiconductor memories such as RAM, ROM,
PROMS, flash memory devices, etc, as shown in FIG. 9. The
processor protocol stack layers, and/or application program
may be embodied as program logic stored in the RAM
and/or ROM in the form of sequences of programmed
instructions which, when executed in the CPU, carry out the
functions of example embodiments. The program logic may
be delivered to the writeable RAM, PROMS, flash memory
devices, etc. of the control node or coexistence enabler and
coexistence manager from a computer program product or
article of manufacture in the form of computer-usable media
such as resident memory devices, smart cards or other
removable memory devices. Alternately, they may be
embodied as integrated circuit logic in the form of pro-
grammed logic arrays or custom designed application spe-
cific integrated circuits (ASIC). The one or more radios in
the device may be separate transceiver circuits or alternately,
the one or more radios may be a single RF module capable
of handling one or multiple channels in a high speed, time
and frequency multiplexed manner in response to the pro-
Cessor.

The master WSD1 of FIG. 5A includes processor 134 that
may access random access memory RAM and/or read only
memory ROM in order to obtain stored program code and
data for use during processing. The RAM or ROM may
generally include removable or imbedded memories that
operate in a static or dynamic mode. Further, the RAM or
ROM may include rewritable memories such as Flash,
EPROM, EEPROM, etc. Examples of removable storage
media based on magnetic, electronic and/or optical tech-
nologies such as magnetic disks, optical disks, semiconduc-
tor memory circuit devices and micro-SD memory cards
(SD refers to the Secure Digital standard) are shown at 126
and in FIG. 8, and may serve, for instance, as a data
input/output means. Code may include any interpreted or
compiled computer language including computer-execut-
able instructions. The code and/or data may be used to create
software modules such as operating systems, communica-
tion utilities, user interfaces, more specialized program
modules, etc.

FIG. 5B is an example network diagram according to an
embodiment of the present invention, illustrating the control
node or coexistence enabler 111, communicating over a
backhaul wireline and/or internet link with the network
controller or coexistence manager CM_C, in an example
embodiment of the invention. The coexistence manager
CM_C may communicate over the internet 105 with the
geo-location database 200 and the coexistence network
element coexistence discovery and Information server
(CDIS) 107, in an example embodiment of the invention.

A master WSD, such as WSD1, may send queries for the
available spectrum to a geo-location database 200. Database
200 may comprise some internal structure, for example, in
form functional blocks such as processors, memory, soft-
ware/hardware modules, and the like, for performing opera-
tions described herein. Such blocks may for example trans-
mit and receive information such as spectrum information,
emission characteristics, and/or allowed operating param-
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eters. The master WSD1 uses the IEEE 802.11 wireless LAN
(WLAN) protocol for is normal communications on its IEEE
802.11 links, but it is capable of communicating in white
space spectrum on TVWS links 2, 3, and 4. The returned
information from the geo-location database 200 enables the
operation in the white space spectrum, of both the master
WSD1 and its associated slave WSD2 that is within the
master WSD1’s operational area. There may be other rea-
sons to use TVWS, such as better propagation. Normal
communication medium typically is available for WLAN
(e.g. 2.4 or 5 GHz), but TVWS may not be available
everywhere due primary users.

FIG. 6A is an example flow diagram of operational steps
in a control node transmitting to a serving network control-
ler, a temporary release message indicating resources that
were kept by the control node, according to an embodiment
of the present invention. The steps of the flow diagram 600
of FIG. 6 A may represent computer code instructions stored
in the RAM and/or ROM memory of the master white space
device, which when executed by the central processing units
(CPU), carry out the functions of an example embodiment of
the invention. The steps may be carried out in another order
than shown and individual steps may be combined or
separated into component steps.

Step 602: receiving by a control node of a wireless
network, an allocation of resources and an indication of
allowance to release resources temporarily from a network
controller serving the control node; and

Step 604: transmitting by the control node to the network
controller, a message indicating temporary release of a
portion of the allocated resources.

FIG. 6B is an example flow diagram of operational steps
in a network controller that receives a temporary release
message from a control node that it serves, indicating
resources that were kept by the control node, according to an
embodiment of the present invention. The steps of the flow
diagram 650 of FIG. 6B may represent computer code
instructions stored in the RAM and/or ROM memory of the
slave white space device, which when executed by the
central processing units (CPU), carry out the functions of an
example embodiment of the invention. The steps may be
carried out in another order than shown and individual steps
may be combined or separated into component steps.

Step 652: receiving by a network controller, a temporary
release message from a control node that it serves, indicating
temporary release of a portion of resources allocated to the
control node by the network controller;

Step 654: periodically obtaining an indication from the
control node whether the release is still valid; and

Step 656: returning the temporarily released resources to
the control node when the release is no longer valid.

FIG. 6C is an example flow diagram of operational steps
in a network controller that receives resources from another
network controller, in response to receiving a temporary
release message, according to an embodiment of the present
invention. The steps of the flow diagram 680 of FIG. 6C may
represent computer code instructions stored in the RAM
and/or ROM memory of the slave white space device, which
when executed by the central processing units (CPU), carry
out the functions of an example embodiment of the inven-
tion. The steps may be carried out in another order than
shown and individual steps may be combined or separated
into component steps.

Step 682: receiving by a network controller, resources
from another network controller, which were temporarily
released by a control node served by the other network
controller; and
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Step 684: returning by the network controller, the released
resources to the other network controller, when the network
controller receives a command from the other network
controller to return the released resources.

FIG. 6D is an example flow diagram of operational steps
in a network controller that receives resources from another
network controller and calculates a new resource allocation
to a control node of the network controller without changing
an existing allocation of a coexistence set of the control
node, in response to receiving a temporary release message,
according to an embodiment of the present invention. The
steps of the flow diagram 690 of FIG. 6D may represent
computer code instructions stored in the RAM and/or ROM
memory of the slave white space device, which when
executed by the central processing units (CPU), carry out the
functions of an example embodiment of the invention. The
steps may be carried out in another order than shown and
individual steps may be combined or separated into com-
ponent steps.

Step 692: receiving by a network controller, resources
from another network controller, which were temporarily
released by a control node served by the other network
controller;

Step 694: calculating by the network controller, a new
resource allocation to a control node of the network con-
troller without changing an existing allocation of a coexis-
tence set of the control node;

Step 696: allocating a new resource allocation to the
control node with an indication to prohibit making a further
a resource release; and

Step 698: returning by the network controller, the released
resources to the other network controller, when the network
controller receives a command from the other network
controller to return the released resources.

FIG. 7 is an example frequency band diagram illustrating
an example TDMA coexistence frame 24' in sub-band 14' in
an unpaired time domain duplex frequency white space of
900 to 905 MHz in the uplink portion of a mobile device
communications frequency band, according to an example
embodiment of the invention. FIG. 7 illustrates an example
frequency plan for the example mobile device frequency
band, with an uplink portion between 890 and 915 MHz and
a down link portion between 935 and 960 MHz, similar to
a portion of the frequency plan for GSM. In the example
frequency plan shown in FIG. 7, a 5 MHz band between 945
and 950 MHz in the down link portion is reserved for other
uses, for example as an emergency services band. Since the
time domain duplex operation of the mobile device system
requires matched uplink frequencies to the allocated down
link frequencies, there is an unpaired band between 900 and
905 MHz in the uplink portion. In accordance with an
example embodiment of the invention, the unpaired band
between 900 and 905 MHz is used as a coexistence band.
FIG. 7 shows an example TDMA coexistence frame 24' in
sub-band 14' in the unpaired time domain duplex frequency
white space 36 in the uplink portion of the mobile device
frequency band, which may be used by the cell base master
device WSDS5 and the cell slave devices WSD6, WSD7, and
WSDS8 in FIG. 1A.

FIG. 8 illustrates an example embodiment of the inven-
tion, wherein examples of removable storage media 126 are
shown, based on magnetic, electronic and/or optical tech-
nologies, such as magnetic disks, optical disks, semicon-
ductor memory circuit devices and micro-SD memory cards
(SD refers to the Secure Digital standard), for storing data
and/or computer program code as an example computer
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program product, in accordance with at least one embodi-
ment of the present invention.

Using the description provided herein, the embodiments
may be implemented as a machine, process, or article of
manufacture by using standard programming and/or engi-
neering techniques to produce programming software, firm-
ware, hardware or any combination thereof.

Any resulting program(s), having computer-readable pro-
gram code, may be embodied on one or more non-transitory
computer-usable media such as resident memory devices,
smart cards or other removable memory devices, or trans-
mitting devices, thereby making a computer program prod-
uct or article of manufacture according to the embodiments.
As such, the terms “article of manufacture” and “computer
program product” as used herein are intended to encompass
a computer program that exists permanently or temporarily
on any computer-usable medium.

As indicated above, memory/storage devices include, but
are not limited to, disks, optical disks, removable memory
devices such as smart cards, SIMs, WIMs, semiconductor
memories such as RAM, ROM, PROMS, etc. Transmitting
mediums include, but are not limited to, transmissions via
wireless communication networks, the Internet, intranets,
phone/modem-based network communication, hard-wired/
cabled communication network, satellite communication,
and other stationary or mobile network systems/communi-
cation links.

Although specific example embodiments have been dis-
closed, a person skilled in the art will understand that
changes can be made to the specific example embodiments
without departing from the spirit and scope of the invention.

The invention claimed is:

1. A method, comprising:

receiving by a control node of a wireless network, an
allocation of resources and an indication of allowance
to release resources temporarily from a network con-
troller serving the control node, wherein the allocated
resources are radio resources comprising one or more
channels within a TV white space radio spectrum and
the control node controls operation and/or channel
allocation of the wireless local area network;

determining by the control node that only a portion of the
allocated one or more channels of radio resources are in
use by the wireless network and making the rest of the
allocated one or more channels of radio resources
available as a temporarily released portion of the allo-
cated one or more channels of radio resources for other
wireless networks on a temporary basis for as long as
the release remains valid;

transmitting by the control node to the serving network
controller, a message indicating temporary release of
the temporarily released portion of the allocated of the
one or more channels of radio resources enabling the
serving network controller to indicate to other network
controllers servicing other networks of the availability
of the temporarily released portion of the allocated of
the one or more channels of radio resources;

transmitting by the control node to the serving network
controller, a termination message indicating that the
temporary release is no longer valid enabling the serv-
ing network controller to indicate to the other network
controllers servicing the other networks that the tem-
porarily released portion of the allocated one or more
channels of radio resources is no longer valid; and

taking back, by the control node from the serving network
controller, the temporarily released portion of the allo-
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cated one or more channels of radio resources, in
response to having transmitted the termination mes-
sage.

2. The method of claim 1, further comprising:

determining by the control node whether the release
remains valid;

periodically indicating by the control node to the network
controller, whether the release is still valid; and

receiving by the control node, a return of the temporarily
released resources from the network controller, when
the release is no longer valid.

3. A method, comprising:

receiving by a network controller, a temporary release
message from a control node that it serves, indicating
temporary release of a portion of one or more channels
of radio resources allocated to the control node by the
network controller, wherein the allocated resources are
radio resources comprising one or more channels
within a TV white space radio spectrum and the control
node controls operation and/or channel allocation of the
wireless local area network, the temporary release
message enabling the network controller to indicate to
other network controllers servicing other networks of
the availability of the temporarily released portion of
the allocated one or more channels of radio resources;

periodically obtaining an indication from the control node
that it serves whether the temporary release is still
valid; and

returning the temporarily released portion of the allocated
one or more channels of radio resources to the control
node that it serves when a termination message is
received from the control node indicating that the
temporary release is no longer valid.

4. The method of claim 3, further comprising:

transmitting by the network controller, at least a portion of
the resources released by the control node, to one or
more other network controllers; and

receiving by the network controller, a return of the
released resources from the one or more other network
controllers, when the network controller transmits a
command to the one or more other network controllers
to return the released resources.

5. A method, comprising:

receiving by a network controller, temporarily released
one or more channels of radio resources from another
network controller, which were temporarily released by
a control node served by the other network controller,
wherein the temporarily released one or more channels
of radio resources are radio resources comprising one
or more channels within a TV white space radio spec-
trum and the control node controls operation and/or
channel allocation of a wireless local area network;

allocating by the network controller, a resource allocation
of at least a portion of the temporarily released one or
more channels of radio resources, to a control node
served by the network controller; and

returning by the network controller, the temporarily
released one or more channels of radio resources to the
other network controller, when the network controller
receives a command from the other network controller
to return the temporarily released one or more channels
of radio resources, for return of the temporarily
released one or more channels of radio resources to the
control node served by the other network controller.

6. An apparatus, comprising:

at least one processor;

at least one memory including computer program code;
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the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to:

receive an allocation of resources and an indication of
allowance to release resources temporarily from a
network controller serving the apparatus, wherein the
allocated resources are radio resources comprising one
or more channels within a TV white space radio spec-
trum and the apparatus controls operation and/or chan-
nel allocation of the wireless local area network;

determine that only a portion of the allocated one or more
channels of radio resources are in use by the wireless
network and make the rest of the allocated one or more
channels of radio resources available as a temporarily
released portion of the allocated one or more channels
of radio resources for other wireless networks on a
temporary basis for as long as the release remains valid;

transmit to the serving network controller, a message
indicating temporary release of the temporarily
released portion of the allocated one or more channels
of radio resources enabling the serving network con-
troller to indicate to other network controllers servicing
other networks of the availability of the temporarily
released portion of the allocated one or more channels
of radio resources;

transmit to the serving network controller, a termination
message indicating that the temporary release is no
longer valid enabling the serving network controller to
indicate to the other network controllers servicing the
other networks that the temporarily released portion of
the allocated one or more channels of radio resources is
no longer valid; and

take back from the serving network controller, the tem-
porarily released portion of the allocated one or more
channels of radio resources, in response to having
transmitted the termination message.

7. The apparatus of claim 6, further comprising:

the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to:

determine whether the release remains valid;

periodically indicate to the network controller, whether
the release is still valid; and

receive a return of the temporarily released resources
from the network controller, when the release is no
longer valid.

8. An apparatus, comprising:

at least one processor;

at least one memory including computer program code;

the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus at least to:

receive a temporary release message from a control node
that the apparatus serves, indicating temporary release
of a portion of one or more channels of radio resources
allocated to the control node by the apparatus, wherein
the allocated resources are radio resources comprising
one or more channels within a TV white space radio
spectrum and the control node controls operation and/
or channel allocation of the wireless local area network,
the temporary release message enabling the apparatus
to indicate to other network controllers servicing other
networks of the availability of the temporarily released
portion of the allocated one or more channels of radio
resources;
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periodically obtain an indication from the control node
that it serves whether the temporary release is still
valid; and

return the temporarily released portion of the allocated
one or more channels of radio resources to the control
node that it serves when a termination message is
received from the control node indicating that the
temporary release is no longer valid.

9. The apparatus of claim 8, further comprising:

28

code for transmitting by the control node to the serving
network controller, a message indicating temporary
release of the temporarily released portion of the allo-
cated of the one or more channels of radio resources
enabling the serving network controller to indicate to
other network controllers servicing other networks of
the availability of the temporarily released portion of
the allocated of the one or more channels of radio
resources;

10 code for transmitting by the control node to the serving
the at least one memory and the computer program code . NP
. network controller, a termination message indicating
configured to, with the at least one processor, cause the . . .
that the temporary release is no longer valid enabling
apparatus at least to: h . Kk 1l indi he oth
. least a portion of the resources released by the the serving networ cont.ro. er to indicate to the other
transmit at least a p y i network controllers servicing the other networks that
control node, to one or more other network controllers; the temporarily released portion of the allocated one or
ar}d more channels of radio resources is no longer valid; and
receive a return of the released resources from the one or code for taking back, by the control node from the serving
more cher network controllers, when the apparatus network controller, the temporarily released portion of
transmits a command to the one or more other network the allocated one or more channels of radio resources,
controllers to return the released resources. 20 in response to having transmitted the termination mes-
10. An apparatus, comprising: sage.
at least one processor; 12. The computer program product of claim 11, further
at least one memory including computer program code; comprising:
the at least one memory and the computer program code code for determining by the control node whether the
configured to, with the at least one processor, cause the 25 release remains valid;
apparatus at least to: code for periodically indicating by the control node to the
receive temporarily released one or more channels of network controller, whether the release is still valid;
radio resources from another network controller, which and
were temporarily released by a control node served by code for receiving by the control node, a return of the
the other network controller, wherein the temporarily 30 temporarily released resources from the network con-

released one or more channels of radio resources are
radio resources comprising one or more channels

troller, when the release is no longer valid.
13. A computer program product comprising computer

within a TV white space radio spectrum and the control
node controls operation and/or channel allocation of the
wireless local area network; 35

executable program code recorded on a computer readable,
non-transitory storage medium, the computer executable
program code comprising:

allocate a resource allocation of at least a portion of the
temporarily released one or more channels of radio
resources, to a control node served by the apparatus;
and

code for receiving by a network controller, a temporary
release message from a control node that it serves,
indicating temporary release of a portion of one or
more channels of radio resources allocated to the

return the temporarily released one or more channels of 40 control node by the network controller, wherein the
radio resources to the other network controller, when allocated resources are radio resources comprising one
the apparatus receives a command from the other or more channels within a TV white space radio spec-
network controller to return the temporarily released trum and the control node controls operation and/or
one or more channels of radio resources, for return of channel allocation of the wireless local area network,
the temporarily released one or more channels of radio 45 the temporary release message enabling the network

resources to the control node served by the other
network controller.
11. A computer program product comprising computer

controller to indicate to other network controllers ser-
vicing other networks of the availability of the tempo-
rarily released portion of the allocated one or more

channels of radio resources;
code for periodically obtaining an indication from the
control node that it serves whether the temporary

executable program code recorded on a computer readable,
non-transitory storage medium, the computer executable 50
program code comprising:

code for receiving by a control node of a wireless net-
work, an allocation of resources and an indication of
allowance to release resources temporarily from a

release is still valid; and
code for returning the temporarily released portion of the
allocated one or more channels of radio resources to the

network controller serving the control node, wherein 55 control node that it serves when a termination message
the allocated resources are radio resources comprising is received from the control node indicating that the
one or more channels within a TV white space radio temporary release is no longer valid.
spectrum and the control node controls operation and/ 14. The computer program product of claim 13, further
or channel allocation of the wireless local area network; comprising:

code for determining by the control node that only a 60  code for transmitting by the network controller, at least a
portion of the allocated one or more channels of radio portion of the resources released by the control node, to
resources are in use by the wireless network and one or more other network controllers; and
making the rest of the allocated one or more channels code for receiving by the network controller, a return of
of radio resources available as a temporarily released the released resources from the one or more other
portion of the allocated one or more channels of radio 65 network controllers, when the network controller trans-

resources for other wireless networks on a temporary
basis for as long as the release remains valid;

mits a command to the one or more other network
controllers to return the released resources.
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15. A computer program product comprising computer
executable program code recorded on a computer readable,
non-transitory storage medium, the computer executable
program code comprising:

30

or more channels within a TV white space radio spec-

trum and the control node controls operation and/or

channel allocation of a wireless local area network;
calculating by the network controller, a new resource

code for receiving by a network controller, temporarily
released one or more channels of radio resources from
another network controller, which were temporarily
released by a control node served by the other network
controller, wherein the temporarily released one or

wherein the temporarily released one or more channels
of radio resources are radio resources comprising one

allocation to a control node served by the network
controller without changing an existing allocation of a
coexistence set of the control node;

allocating a new resource allocation to the control node
served by the network controller with an indication to

more channels of radio resources are radio resources 10 o . .
- o . prohibit making a further a resource release; and
comprising one or more channels within a TV white . .
: returning by the network controller, the temporarily
space radio spectrum and the control node controls .
. . . released one or more channels of radio resources to the
operation and/or channel allocation of a wireless local
area network: other network controller, when the network controller
code for allocating by the network controller, a resource 15 receives a command from the other network controller
allocation of at least a portion of the temporarily to returp the temporarily released one or more channf:ls
released one or more channels of radio resources, to a of radio resources, for return Of. the temporarily
control node served by the network controller; and released one or more channels of radio resources to the
code for retuming by the network Controller’ the tempo_ control node served by the other network controller.
rarily released one or more channels of radio resources 20  20. An apparatus, comprising:
to the other network controller, when the network at least one processor;
controller receives a command from the other network at least one memory including computer program code;
controller to return the temporarily released one or the at least one memory and the computer program code
more channels of radio resources, for return of the configured to, with the at least one processor, cause the
temporarily released one or more channels of radio 25 apparatus at least to:
resources to the control node served by the other receive temporarily released one or more channels of
network controller. . radio resources from another network controller, which
16. The method of claim 3, further comprising: were temporarily released by a control node served by
trar;lsmlttlng by thelnem(liogk Clolntr oller, lat legst aportion Oi the other network controller, wherein the temporarily
the resources released by the control node, to a second 30 released one or more channels of radio resources are
control node that it serves; and . ..
. radio resources comprising one or more channels
receiving by the network controller, a return of the i . :
within a TV white space radio spectrum and the control
released resources from the second control node, when . .
- node controls operation and/or channel allocation of a
the network controller transmits a command to the ireless local I
second control node to return the released resources, for 35 wireless local area network; .
return of the released resources to the first said control calculate a new resource all.ocatlon to a control .no.de
node. served by the apparatus without changing an existing
17. The apparatus of claim 8, further comprising: allocation of a coexistence set of the control node;
the at least one memory and the computer program code allocate a new resource allocation to the control node
configured to, with the at least one processor, cause the 40 served by the apparatus with an indication to prohibit
apparatus at least to: making a further a resource release; and
transmit at least a portion of the resources released by the return the temporarily released one or more channels of
control node, to a second control node that the appa- radio resources to the other network controller, when
ratus serves; and the network controller receives a command from the
receive a return of the released resources from the second 45 other network controller to return the temporarily
control node, when the apparatus transmits a command released one or more channels of radio resources, for
to the second control node to return the released return of the temporarily released one or more channels
resources, for return of the released resources to the of radio resources to the control node served by the
first said control node. other network controller.
18. The computer program product of claim 13, further 50 21. A computer program product comprising computer
comprising: executable program code recorded on a computer readable,
code for transmitting by the network controller, at least a non-transitory storage medium, the computer executable
portion of the resources released by the control node, to program code comprising:
a second control node that it serves; and code for receiving by a network controller, temporarily
code receiving by the network controller, a return of the 55 released one or more channels of radio resources from
released resources from the second control node, when another network controller, which were temporarily
the network controller transmits a command to the released by a control node served by the other network
second control node to return the released resources, for controller, wherein the temporarily released one or
return of the released resources to the first said control more channels of radio resources are radio resources
node. 60 comprising one or more channels within a TV white
19. A method, comprising: space radio spectrum and the control node controls
receiving by a network controller, temporarily released operation and/or channel allocation of a wireless local
one or more channels of radio resources from another area network;
network controller, which were temporarily released by code for calculating by the network controller, a new
a control node served by the other network controller, 65 resource allocation to a control node served by the

network controller without changing an existing allo-
cation of a coexistence set of the control node;
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code for allocating a new resource allocation to the
control node served by the network controller with an
indication to prohibit making a further a resource
release; and

code for returning by the network controller, the tempo-
rarily released one or more channels of radio resources
to the other network controller, when the network
controller receives a command from the other network
controller to return the temporarily released one or
more channels of radio resources, for return of the
temporarily released one or more channels of radio
resources to the control node served by the other
network controller.

22. The method of claim 2, further comprising:

wherein the periodically indicating by the control node to
the network controller, whether the release is still valid,
happens in response to receiving a request or status
query from the network controller.

23. The method of claim 3, further comprising:

wherein the periodically obtaining an indication from the
control node whether the release is still valid, happens
in response to sending a request or status query to the
control node.
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